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Based on the interaction between different spatial modes, semiconductor Bragg-reflection waveg¬ 
uides provide a highly functional platform for non-linear optics. Therefore, the control and engineer¬ 
ing of the properties of each spatial mode is essential. Despite the multimodeness of our waveguide, 
the well-established Fabry-Perot technique for recording fringes in the optical transmission spec¬ 
trum can successfully be employed for a detailed linear optical characterization when combined 
with Fourier analysis. A prerequisite for the modal sensitivity is a finely resolved transmission 
spectrum that is recorded over a broad frequency band. Our results highlight how the features of 
different spatial modes, such as their loss characteristics and dispersion properties, can be separated 
from each other allowing their comparison. The mode-resolved measurements are important for op¬ 
timizing the performance of such multimode waveguides by tailoring the properties of their spatial 
modes. 


Waveguided light sources are widely employed in many 
applications both in the held of classical and quantum 
optics, since the light inside them can simultaneously be 
guided very hexibly and controlled strictly [1-5]. The 
conhned waveguide size results in a hnite selection of 
transversal modes that can propagate through the struc¬ 
ture, further determining whether only a single optical 
mode is supported or if a multitude of them is accepted. 

The linear optical waveguide characteristics such as re¬ 
fractive index and its dispersion, transmission losses or 
the rehectivity at the end facets are relevant to prac¬ 
tical purposes and important feedback for manufactur¬ 
ing. One often employed loss measurement technique 
is the Fabry-Perot characterization that is suitable for 
structures with well-cleaved, parallel end facets that have 
at least modest rehectivity [6]. After travelling several 
round trips inside the waveguide light interferes, and 
fringes can be observed in the transmission if the op¬ 
tical length the light sees inside the resonator is changed 
for example by heating it [7] or by altering the wave¬ 
length of light [8]. The loss characteristics can then be 
extracted from the fringe contrast. In the latter case 
this information can also be extracted via the Fourier 
transformation of the transmission spectrum [9], where 
peaks occur at integer multiples of the resonator’s op¬ 
tical length. Furthermore, the ratio of the heights of 
subsequent peaks is connected to the loss characteristics. 
With this technique, properties of sophisticated struc¬ 
tures such as single-mode semiconductor lasers, surface 
plasmon resonators and ridge waveguides have been in¬ 
vestigated and indications of cavity defects have been 
observed [10-13]. 

Regarding waveguides, their typically very rich spatial 
mode structure [14-16] may pose a signihcant challenge 
in their application. For single mode waveguides a clear 
fringe contrast can be recorded in the Fabry-Perot trans¬ 
mission test. However, for multimode waveguides this is 
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not the case [17, 18]. Nevertheless, the mode-resolved 
characteristics are of great interest, especially for non¬ 
linear optical waveguides that are utilized as frequency- 
converted photon sources. Thus, the characteristics of all 
interacting modes have to be carefully studied for opti¬ 
mizing the conversion processes [19-22]. Despite sophis¬ 
ticated fabrication techniques, single-mode waveguides 
that have non-linear optical response are challenging to 
manufacture and multimodeness is often introduced in 
the fabrication process by the chosen waveguide shape 
and size [22-24]. 

The multimodeness can also be taken advantage of, as 
is the case in Bragg-reflection waveguides (BRWs) that 
are built from semiconductor compounds [25] . The mode 
structure of BRWs is highly complex, and apart from 
supporting the total-internal-reflection modes they also 
carry higher-order modes, such as the Bragg modes [26]. 
This is necessary for their use in frequency conversion 
processes. Recent demonstrations show that semicon¬ 
ductor waveguides are a versatile source for four-wave 
mixing [27] and parametric down-conversion [28, 29]. 

Here, we present an extension for the existing Fabry- 
Perot technique of linear optical characterization for mul¬ 
timode waveguides. We apply this method to BRW, 
which has a very rich mode structure. We resolve 
the modal characteristics of the waveguides with a sin¬ 
gle broadband measurement in the near infrared region 
(NIR). Similar to transmission spectroscopy in higher- 
order mode fibers [30, 31], our analysis uses the fact that 
different spatial modes generally possess different disper¬ 
sion, and thus have different group indices. From our 
results we extract a lower bound for the number of ex¬ 
cited modes and compare their loss characteristics. Ad¬ 
ditionally, other properties such as the strength of the 
light coupling and the group effective index can be in¬ 
ferred for each mode. By investigating waveguides with 
different cross-sections we show that the multimodeness 
is increasing with a larger waveguide size. 

BRWs are well-suited for loss measurements via the 
Fabry-Perot technique, due to the high refractive index 
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(>3) of the semiconductor material. If their facets are 
uncoated, typically a Fresnel reflectivity of about 30% 
is expected. Thus, the waveguide forms a low-finesse 
« 2.5) Fabry-Perot resonator. The transmission spec¬ 
trum of this resonator can be readily calculated by sum¬ 


mation of the phasors at the facets. Following the nota¬ 
tion in [9], the transmittance of this resonator in terms of 
a vacuum wavenumber /3 = 27r/A, where A is the vacuum 
wavelength of the light, is given by 


T(/3) 


(1 — i?)^ exp(—2fcL/3) -I- 4sin(^) 

[1 — i?exp(—2fcL/?)]2 -I- 4i?exp(—2fcL/?) sin^((^ -I- nL/3) ’ 


( 1 ) 


where L is the physical length of the resonator (i.e. 
waveguide length), R and (j) are the reflectivity and 
phase change at the facet, respectively. In the dispersive 
case, the frequency-dependent effective index of the mode 
n = n{l3) can be substituted. Linear losses are modeled 
through a complex effective index n = n + ik, where k is 
the absorption index that can be related to the linear loss 
coefficient a via the vacuum wavelength Aq via k = . 

The Fourier-transformed transmission spectrum shows 
distinct peaks with a quasi-double-exponential shape, 
centered approximately at integer multiples of the opti¬ 
cal length UgL of the dispersive resonator, with Ug being 
the group index of the mode. These higher harmonics can 
be explained by applying the Fourier phase shift theorem 
to the phasors that make up the transmission spectrum: 
the light propagating along the waveguide accumulates 
some phase. A phase shift in real space causes a trans¬ 
lational shift in the Fourier space. Consequently, the 
individual facet reflections are separated in the Fourier 
domain, analogous to higher harmonics in acoustics with 
the amplitude at each reflection being preserved. Thus, 
the ratio of the amplitudes of subsequent peaks indicates 
the total loss R at each pass, which is given by 

R = Re-°‘^. ( 2 ) 

If the facet reflectivity R and waveguide length L is 
known, the linear loss coefficient a is calculated straight¬ 
forwardly. 

The linearity of the Fourier transform is a key fea¬ 
ture for applying the Fabry-Perot analysis to multi- 
mode waveguides. Essentially, individual Fabry-Perot 
resonators are formed for the different modes with their 
different propagation indices. This is justified if the sam¬ 
ple is designed in a way that avoids interaction between 
the orthogonal eigenmodes [17]. To facilitate this con¬ 
straint in our BRWs, the cross-section of the waveguides 
along the propagation direction remains constant and ad¬ 
jacent waveguides are isolated by separating them far 
enough so that evanescent coupling is avoided. Usually 
the spacing of modes in the effective index scale is nar¬ 
row, and therefore, highly complicated beating effects are 
recorded in the transmission spectrum. However, the dis¬ 
tinct propagation indices lead to distinct optical lengths, 
and hence, it is possible to observe and measure each 
mode individually in Fourier space. In addition to this 


the relative excitation strength of each mode is also pre¬ 
served. This is of particular interest for analyzing BRW 
waveguide designs, whose properties rely on higher order 
spatial modes. 

Strictly speaking, the multimode inverse Fabry-Perot 
transform is an ill-posed inverse problem as the number of 
contributing modes is not known a-priori. Fortunately, 
Fourier transforming the multimode transmission spec¬ 
trum results in a sparse representation, which enables 
us to do modally resolved measurements without know¬ 
ing the proper inverse. Note that system-dependent ad¬ 
ditional effects, for example limited spectral resolution, 
may influence the Fourier transform. Thus, the achiev¬ 
able measurement accuracy will vary depending on the 
studied waveguide and its optical properties. Here, simu¬ 
lations are very useful for understanding the implications 
of a particular effect on the measurements (see Supple¬ 
ment). Figure 1 shows a simulation of the expected spec¬ 
trum of a two-mode system representative of our sample. 
Despite having the same loss parameters, the slopes are 
different because only the ratio of subsequent peak am¬ 
plitudes is related to the total loss. 

In contrast to the more common fringe contrast mea¬ 
surement, Fourier analysis takes into account all the 
recorded information, not only minima and maxima. 
Thus, it is more robust against noise and other corrup¬ 
tions. Due to the uncertainty principle, measuring sev¬ 
eral dozens of fringes is required to get a high resolution 
mode spectrum in Fourier space. Usually, a lot of infor¬ 
mation can already be gained by visual inspection and 
interpretation, since reading the spectrum is easy and 
intuitive. 

We are especially interested in the BRW properties in 
the near infrared region around 780 nm, since the Bragg 
mode in this wavelength regime is exploited to pump the 
process of parametric down-conversion [32]. Our BRWs 
are fabricated with molecular beam epitaxy and have the 
layer structure described in [29, 33]. The ridges are de¬ 
fined by electron beam lithography and transferred into 
the semiconductor via reactive plasma etching. We in¬ 
vestigate BRW samples with two different lengths, 0.9 
mm and 2.0 mm, which are cleaved pieces of a larger 
sample. Ridge widths from 3.0 to 6.5 /im in 0.5 p,m steps 
were used in this work. Our BRWs are modally phase 
matched for nonlinear conversion processes between the 
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FIG. 1. Simulated spectrum of the fringe pattern of two 
dispersive (ni = 3.13, n 2 = 3.4, with typical AlxGai_xAs 
dispersion at 775 nm) and lossy modes {R — 0.3, k = 10“®) 
representative of our 0.9 mm long sample. Excitation strength 
is 80% for Mode 1 and 20% for Mode 2. The peaks are ex¬ 
pected to appear at multiples of the resonators optical lengths 
indicating the group effective index for each mode. The inset 
shows an excerpt of the simulated fringe pattern. There are 
five passes of each mode visible, each with their respective 
slope. 


NIR and telecom range. Contrary to the telecom range, 
the mode in the NIR is a higher order spatial mode. 

In our experiment as illustrated in Fig. 2(a), we launch 
the broadband light of a superluminescent diode (Super- 
lum BLMS mini, centered at 777 nm, 17.4 nm FWHM) 
with power and polarization control into our BRW with a 
lOOx microscope objective. The polarization of the input 
beam is kept horizontal. After the waveguide the trans¬ 
mitted light is collimated with an aspheric lens and cou¬ 
pled to a single-mode fiber. The single-mode fiber may 
cut out some modes or affect their coupling strengths, 
this is, however, a prerequisite for gaining the desired 
resolution. Nevertheless, in this configuration our mea¬ 
surement technique provides direct indication to what 
extent higher order modes can be coupled to or excited 
via a single mode fiber. The collected light is then di¬ 
rected through an spectrograph incorporating a grating 
with a 1800 grooves/mm (Acton SP2750 with 750 mm 
focal length), where we image the end facet of the single 
mode fiber onto a 2D camera with large sensor and small 
pixels (9x9 /rm^, SBIG STT-1603ME). The achievable 
spectral resolution with this setup is better than 10 pm 
FWHM across the entire image plane. Fig. 2(b) shows 
a typical transmissions spectrum of our waveguides. In 
general, we employ two different procedures to optimize 
coupling into the Bragg mode: either maximizing the 
transmitted intensity or using a more complex scheme 
that involves second-harmonic generation (SHG). In the 
latter case, we couple a telecom laser backwards to gen- 



FIG. 2. (a) Experimental setup consisting of the superlumi¬ 
nescent diode (SLED), polarization control optics (half-wave 
plate and sheet polarizer), coupling optics (microscope ob¬ 
jective and aspheric lens) and the spectrograph. For opti¬ 
mization on SHG (see main text), a tunable telecom laser is 
backcoupled and analyzed with another spectrometer. and 
7 are the geometrical parameters of the spectrograph used 
for calibration (see Supplement), (b) Raw, 14.5 nm wide, 
stitched transmission spectrum. The different colors show 
the three exposures at different central wavelengths set at the 
spectrograph. The 210 Fabry-Perot fringes of the waveguide 
resonator can be seen superimposed on the oscillation (FSR 
« 2 nm) of another resonator formed by additional optics in 
the beam path. The power envelope is determined by the 
spectrum of the SLED. 


crate the second-harmonic signal in the phase-matched 
Bragg-mode, which is then used to optimize the single¬ 
mode input coupling optics. 

Our results in Figure 3(a) illustrate two different mea¬ 
surement configurations. First, we only optimize the 
transmission through the waveguide into the single mode 
fiber. In this case, shown with blue solid line in Fig. 3(a), 
most of the input light couples to the fundamental total 
internal reflection (TIR) mode. After SHG optimization 
(yellow solid line in Fig. 3(a)) we can easily identify 
the Bragg-mode and clearly notice that the amount of 
light coupled into the Bragg mode is largely increased, 
while the other peaks corresponding to other modes stay 
approximately the same. We note that, while most of 
the power is still coupled to other modes, the amplitude 
of the Bragg-mode is increased twofold. By integrating 
over the spectrum of the first pass, we estimate that in 
the SHG optimized case 8% of the in-coupled power is 
guided by the Bragg-mode. Furthermore, in Fig. 3(b) 
five excited modes can be identified for the given waveg¬ 
uide. As each mode has a different group index, we can 
separate the modes from the background by searching 
for a signal at twice the optical length. Fig. 3(c) shows 
the number of clearly identifiable modes with respect to 
the ridge width. These values are only lower bounds on 
the minimum number of excited modes because closely 
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FIG. 3. (a) Modulus of the Fourier transform of the transmission spectrum from Fig. 2(b) (blue solid line). Superimposed is a 
second spectrum showing the result from optimizing by maximizing SHG in the waveguide (orange solid line). The strongest 
mode is visible up to the pass. Two modes and their respective total loss value R are indicated, (b) Linear plot of the 
first pass with five easily discernible modes, (c) The minimum visible mode numbers of several waveguides with different ridge 
widths. 


spaced or degenerate modes cannot be separated. Never¬ 
theless, a clear trend is visible that the number of modes 
increases with increasing ridge width. 

In order to determine the mode loss, Eq. (2) has to 
be employed. Since only R and L are known, we are left 
with two unknowns: the modal reflectivity R and the loss 
value a. We have two samples with different lengths (0.9 
mm and 2.0 mm) but identical waveguides available. If 
we rewrite Eq. (2) as a function of L, R{L) = Re~°'^ 
we can find a least-squares solution for a and R simul¬ 
taneously. In order to get good statistics, we measure 
multiple similar waveguides at each of the two waveguide 
lengths. Both values strongly depend on the exact value 
of i?, so corrections for the limited resolution have to be 
applied (see Supplement). For our BRWs, we retrieve 
a TIR mode reflectivity of i? = 0.35(4) and an ensem¬ 
ble loss coefficient of a = 0.5(1) mm“^ = 2.2(5) dB/mm. 
The expected Fresnel reflectivity is 0.30 for an interface 
between a material with refractive index of 3.4 and air. 
However, the Fresnel equations tend to underestimate the 
semiconductor waveguide facet reflectivity. For systems 
similar to ours, we may say that the mode reflectivity 
is 20 % higher than the Fresnel reflectivity [34]. This 
is in good agreement with the measured value. For the 
modes of the waveguide in Figure 3, taking the values 
of R and the facet reflectivity of i? = 0.35(4), yields 
linear loss coefficients of axm = 0.46(12) mm“^ and 
OBragg = 0.36(12) mm“^. The uncertainty is mostly de¬ 
termined through the uncertainty of the facet reflectivity. 
A survey of many waveguides with different ridge widths 
indicates that total loss R varies only about 10% for both 
modes. This suggests a high quality, highly repeatable 
waveguide fabrication and a lower level of loss than pre¬ 
viously reported for BRW modes [13, 29]. 

Finally, we estimate group velocities of Vg = 


68(l)pm/ps and Vg = 81(l)pm/ps for the TIR and 
Bragg modes at the NIR. The group velocity is an impor¬ 
tant parameter for example when modelling the spectral 
properties of the twin photons created in the process of 
parametric downconversion, which for BRWs is typically 
gained from numerical simulations (see [32] and refer¬ 
ences therein). Luckily, for highly dispersive resonators, 
the Fourier analysis provides direct experimental access 
to this parameter. Additionally, Fig. 4 shows the portion 
of the spectrogram of the first pass, which hints at the 
group velocity dispersion (GVD) of the modes. 



_c 

g Group Index 

FIG. 4. Spectrogram of the first pass of the waveguide in Fig. 
3. In order to resolve the individual modes, a large fraction of 
the data (~ 70%) was partitioned for each slice and weighted 
using a sine window. 

To summarize, we have shown how Fourier analysis 
of the optical transmission spectrum can provide use¬ 
ful information about the modal structure of multimode 
waveguides. We have applied this method to our BRW 
samples at NIR wavelengths, where their rich modal 
structure prevent the fringe contrast method from pro¬ 
viding sufficient data. From our results we can infer 
the linear characteristics in a mode resolved manner. 
Our technique, especially when combined with broad¬ 
band spectroscopy, can be employed towards multimode 
waveguide characterization at many integrated optics 
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SUPPLEMENTARY MATERIAL 

This document provides supplementary infor¬ 
mation to Modally Resolved Fabry-Perot Ex¬ 
periment with Semiconductor Waveguides. We 
give details about the model used for simulating 
the transmission spectrum, discuss the issues of 
resolution and calibration when performing the 
measurements with a grating spectrometer and 
present a simplified scheme to correct for limited 
spectral resolution. 

I. TRANSMISSION SPECTRUM: SIMULATION 
AND ANALYSIS 

The transmission spectrum of a simple, isolated ridge 
waveguide is determined by its reflectivity of the air in¬ 
terface and the phase shift accumulated along the prop¬ 
agation direction. In that sense, the waveguide forms a 
Fabry-Perot resonator, with the transmitted light show¬ 
ing the interference of partial reflections accumulated 
through multiple round-trips. The transmission spec¬ 
trum shows a series of distinct Lorentzian peaks, whose 
width is determined by the coefficient of finesse and, sub¬ 
sequently, through the reflectivity. The position of the 
peaks is determined by the single-pass phase 

6{/3) = n{l3)LI3, (3) 

where L is the waveguide length, /3 = 27r/A is the vac¬ 
uum wavenumber of the mode and n(/3) is the dispersive 
effective index of the mode. 

As motivated in the main text, assuming orthogonal 
modes [1] the total multimode spectrum can be calcu¬ 
lated as the sum of multiple resonators’ spectra as 

/(/?) = ^x,T,(/3), (4) 

n 

in which Xi denotes the amount of light coupled to the 
i-th mode. 


In Eq. (5) , the normalized transmission spectrum of 
the i-th single Fabry-Perot cavity is given by 

T^W) = 

(1 — i?i)^ exp{—2kiLj3) + 4sin((/)) 

[1 — Ri exp(—2fciL/3)]2 -I- 4i?i exp(—2fciL/3) sin^((/) -|- Si{/3)) ’ 

( 5 ) 

where k is the absorption index and R and (j) are the facet 
reflectivity and the corresponding phase shift. The Fres¬ 
nel equations provide good initial estimates of the reflec¬ 
tivity R = [(n — 1)^ -I- fc^] / \{n 1)^ -I- and phase 

shift (j) = arctan [—2fc/(n^-b — 1)]. In the limit of 
very low loss k n, however, the phase shift 4> can be 
neglected. For a certain mode i, we assume only that 
the phase accumulated along the propagation direction 
6i (/3) changes according to the effective index of the mode 
ni{/3). Furthermode, we note that in the dispersive case, 
the spacing of the peaks in frequency domain, or free 
spectral range (FSR), is effectively given by the group 
index Ug = with uj being the angular frequency 

of the light [2, 3]. This result carries on to the Fourier 
domain: the ’’optical length” measured from the peak 
position of each mode actually reports UgL in first ap¬ 
proximation . The group velocity dispersion (GVD) may 
cause an additional shift of the peaks, for typical values, 
however, it is very small compared to the group index. 

To simulate the measurement of the spectrometer, I (/3) 
is sampled in frequency space according to the pixel spac¬ 
ing of our spectrometer camera. The result is Gaussian 
filtered with a filter width equivalent to the measured 
resolution of the spectrometer (see Sec. II). Subsequent 
simulations show that the power variation of the utilized 
broadband light source (superluminescent diode) has lit¬ 
tle effect on the higher-order peaks appearing at multiple 
resonator passes, aside from slightly reducing the signal. 


II. SPECTROGRAPH CONSIDERATIONS 

The FSR of the waveguide resonator scales inversely 
proportional to the group index and resonator length. 
Therefore, care has to be taken when using a spectro¬ 
graph for recording the fringes, especially with regard to 
the resolution. The Lorentzian aspect of the peaks and 
the beating pattern has to be properly resolved. 

In our case, the group indices of the waveguide eigen- 
modes lie between 3.1 and 4.1, which leads to a free spec¬ 
tral range of only 40 pm for a 2 mm long sample. Also, 
in order to record more fringes, several exposures at dif¬ 
ferent central wavelengths have to be stitched together. 
A modified Czerny-Turner model [4] was used as calibra¬ 
tion function, as the higher order polynomial model per¬ 
formed unsatisfactorily due to the large spacing of the 
lines in this wavelength range. The calibration model 
relates the observed wavelength A at the pixel position 
Aa:cam for a given ” central wavelength” setting Ac of the 
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spectrometer controller: 


A(5', AXcam) = 


■ . T 7 Axir 

sin W-arctan- 

2 / 


. , T 7 AXca 

+ Sin ( lit + ^ + arctan —— 


, and 


lE'(Ac) = arcsin 


mXc 


2d cos ^ 


( 6 ) 


Eq. ( 6 ) is based on the key geometrical parameters of 
the spectrograph (see also Fig. 5): 7 is the inclusion 
angle between grating and the mirrors, if is the grating 
angle calculated from Ac, the diffraction order m and the 
groove spacing d of the grating. Axin and Axcam are 
the off-center distances of the input fiber and camera, 
respectively. During the measurement, only the central 
wavelength Ac was changed. 

The calibration and resolution measurement was done 
by investigating several lines of a low-pressure Argon 
lamp between 766 and 801 nm (see Fig. 6 ). These bright 
Argon lines served as reference for a total of 110 differ¬ 
ent (Ac, Axcam) pairs. Despite having few emission lines 
around 775 nm, the typical calibration error is less than 
10 pm in the wavelength region of interest. This is more 
than enough to do a pixel-accurate stitch of three spectra 
with « 6.5 nm coverage each and an overlap of « 2.4 nm. 
This yields a total spectrum of 14.5 nm showing approxi¬ 
mately 210 (0.9 mm length sample, see main text Fig. 1) 
to 350 (2.0 mm length) fringes. 

We note, that any nonlinearity on the wavelength cal¬ 
ibration results in an artihcial ’’dispersion”, as there is 
an additional, frequency-dependent scaling error. The 
previously stated calibration error of 10 pm over 14.5 nm 
yields a nonlinearity of 0.07%. In comparison, the re¬ 
fractive index of the weakest dispersive material in our 
system, Alo. 8 Gao. 2 As, changes approximately by 0.2 % in 
the same wavelength range. 

The use of geometrical model of the spectrograph with 
the addition of Axin as extra parameter is critical in 
achieving the required calibration accuracy. However, 
more intricate geometrical models, for example with a 
ray optics approach, show that there is still some room 
for improvement [5]. 



FIG. 5. Experimental setup for recording the transmission 
spectrum. Note that Axin is strongly exaggerated for illus¬ 
tration purposes. 
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FIG. 6. Real space camera image of the Argon 772.3761 nm 
and 772.4207 nm lines. 


III. CORRECTING FOR LIMITED 
RESOLUTION 

The finite resolution of the spectrograph affects the 
values of the total loss i?, so here we show a simple cor¬ 
rection scheme for this parameter. Recovery can be per¬ 
formed by recognising that limited resolution simply bi¬ 
ases R towards lower values deterministically, depending 
on the group index of the mode and the resolution of 
the spectrometer. This is motivated by the properties of 
the Fourier transform: the recorded transmission spec¬ 
trum is convolved with the point-spread function (PSF) 
of the spectrograph (see Fig. 6 ). For the sake of sim¬ 
plicity, we assume that the PSF can be represented as 
a narrow Gaussian whose width corresponds to the res¬ 
olution. The individual pixels of the CCD can be seen 
a dirac comb which is convolved with the PSF to model 
the instrument response. In Fourier space, the convolu¬ 
tion becomes a multiplication and the narrow Gaussian of 
the PSF transforms to a wide Gaussian with a width in¬ 
versely proportional to the resolution. The multiplication 
of the Fourier transformed signal with the wide Gaussian 
causes damping at high optical lengths. This results in 
lower than expected values for R. In that sense, the un¬ 
corrected loss values should be seen as upper bound. 

Fig. 7 shows correction curves for four modes with 
different group indices in the range expected in our sam¬ 
ple. The corrected R is simply calculated by multiplying 
the measured value with the correction factor for a given 
waveguide length and group index. In the 0.9 mm length 
sample from the main paper, the raw total loss values 
are expected to be overstated by about 10 % on average. 
For the long, 2.0 mm length samples, it may be as high 
as 60 % in our setup. 

A more elaborate method is deconvolving the original 
transmission spectrum, which is a well-studied technique 
in spectroscopy [ 6 ]. This approach has also been dis¬ 
cussed in the context of the Fabry-Perot problem in mi- 
crolaser gain measurements [7], but care has to be taken 
in order to preserve the signal-to-noise ratio and avoid 
the introduction of artifacts. 




























FIG. 7. Bias of the total loss R for several modes with dif¬ 
ferent group indices for the resolution (10 pm) measured in 
our system. For example, with a 0.9 mm sample the mea¬ 
sured values of R may be multiplied with a correction factor 
of 1.07 — 1.14, depending on the mode. 
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